Two patients with tetanus are reported to illustrate the involvement of the sympathetic and parasympathetic nervous system respectively. Aspects of the autonomic manifestations of tetanus are illustrated and discussed. I~TRODUCTIO~ Over the last six years there haye been several reports of the inv~lvement of the autonomic nervous system in tetanus (Keilty et al. 1968 , Kerr ct al. 1968 , Corbett et al. 1 !J(iU, Kerr, Corbett and Spalding 1969 . All of these reports have been concerned with sympathetic nervous system manifestations. This report is of two cases of tetanus, both of whom showed cardiovascular abnormalities due to involvement of the autonomic nervous system, one of the sympathetic and the other of the parasympathetic nervous systems.
CASE REPORTS

Case 1
A 43 year old male carpenter was admitted to the Royal Perth Hospital Intensive Care enit in January 1970. Five days prior to admission he had cut his left thumb on a circular saw. He was seen by his local medical officer within hours of the accident and his thumb was dressed and sutured. Tetanus Toxoid was given and after review two day,; later he was commenced on oral penicillin and erythromycin.
His previous immunization consisted of one dose of tetanus toxoid 19 years previously.
On the day of admission to hospital he complained of stiffness in his jaw which interfered with his speech and opening of his mouth. Other complaints were of a sore neck, tightness in the chest, soreness in the epigastrium and difficulty in swallowing.
Initial examination revealed mild neck retraction and trismus with risus sardonicus. There was rigidity of the abdominal wall, back and neck muscles, his speech was slightly impaired and he had obvious difficulty in swallowing. His blood pressure was 130/HO mmHg, pulse was 80 beats/minute and regular.
~o abnormality was found on examination of his respiratory ~ or cardio-vascular systems. Hi.s left thumb was swollen to twice its normal size and sutures were in situ. Removal of the sutures revealed a large amount of necrotic tissue.
Investigation on admission showed the following results: haemoglobin 14·5 G per cent, packed cell volume 46·4 per cent, white cell count 8· 700/cmm with a normal differential, plasma sodium 135 mEq/l, potassium 3·5 mEq/l, bicarbonate 22 mEq/l, urea 34 mg/100 ml, chest X-ray normal, electrocardiogrammultiple atrial premature beats, arterial pH was 7 ·43, PaC0 2 ±l mmHg, base excess +2 mEqjl, Pa0 2 ~2 mmHg with an oxygen saturation of !)(j per ccnt (patient breathing room air). Gram positive sporing bacilli were seen on a gram-stain from a swab of his left thumb. Clostridium tetani were subsequently isolated.
An intravenous infusion was commenced and diazepam 10 mg intravenously resulted in considerable reduction in his muscle tone. Human anti-tetanus serum (4,000 units) was given intramuscularly and crystalline penicillin 2,()()O,OOO ur:its six hOUlh" intravenousl\" was commenced. Immediate "debridement of the thumb was carried out.
vVithin twelve hours of admission he had increasing generalized muscle spasms, although none involved the larynx. However, he was experiencing increasing difficulty with swallowing and there was e\"idence that he was aspirating saliva. An endotracheal tube was inserted and tracheostomy prrformed. The patient required intcrmittent positive pressure respiration when diazcpam failed to contrul his spasms and curarization became necessary.
He was eventually stabilized on diazepam 40 mg intravenously three hourly and d-tubocurarine 20 mg intravenously one to two hourly.
Five days after admission he developed wide fluctuations in blood pressure which varied from 100/70 mmHg to 210/130 mmHg. The rise in blood pressure was associated with a sinus tachycardia of up to 130 beats per minute, multiple atrial and ventricular premature beats and profuse sweating. During one of these episodes, propranolol 2 mg intravenously was given. In two minutes the blood pressure fell from 200/115 to 140/80 mmHg, premature beats were abolished and the pulse rate fell to 84/minute. Propranolol 5 mg intravenously six hourly was then commenced and when increased to 5 mg four hourly, effectively controlled the blood pressure, pulse rate and arrhythmias. The profuse sweating continued. At the time of these haemodynamic disturbances, arterial blood gases and electrolytes were normal and the spasms were well controlled. He was febrile and had been for three days prior to their development.
Apart from his cardiovascular disturbances, other complications included tracheostomy and pulmonary infection, with repeated episodes of segmental and lobar lung collapse and a transient paralytic ileus. All of these complications resolved with appropriate therapy.
One month after admission d-tubocurarine was ceased without return of muscle spasms. The diazepam was then gradually reduced and ceased. Propranolol was ceased twenty seven days after it had been commenced. The patient made a complete recovery.
Case 2
A forty seven year old Aboriginal woman was admitted in July 1971 to a hospital in the North-West of Western Australia with a burn on the lateral aspect of her right leg. There was a past history of leprosy for which she was receiving long term thiambutosine and dapsone therapy. The initial treatment consisted of cleaning of the burn and application of Neotracin spray. She received tetanus toxoid 0·5 ml intramuscularly and was commenced on procaine penicillin and streptomycin intramuscularly.
One week after admission she developed trismus and stiffness in the back. Oral diazepam was commenced.
The stiffness became more marked in the muscles of the back of the neck, back and jaws. Five days after the onset of trismus she developed opisthotonus and occasional abdominal muscle spasms. The diazepam dosage was increased. Three days later excess salivation was noted and she had two periods of respiratory arrest with loss of consciousness and an imperceptible peripheral pulse. An endotracheal tube was inserted and she was flown to Royal Perth Hospital.
On admission to the Intensive Care Unit examination revealed slight rigidity of the abdominal, neck, back and leg muscles. When the patient was disturbed, spasms occurred in both legs. There were three small areas of infected burns on the lateral aspect of the right l~g.
The blood pressure was 120/80 mmHg, the pulse 80 beats per minute and the heart and lungs were clinically normal. There was wasting of the small muscles of the hands.
Investigations included haemoglobin 13·5 g per cent, packed cell volume 42·8 per cent, white cell count 17,400 per cmm with a neutrophilia, erythrocyte sedimentation rate 40 mm drop in one hour, chest X-ray normal, electrocardiogram-Twave changes in the anterior chest leads (Figure 1 ), plasma sodium was 136 mEq/l, potassium 3·5 mEq/l, bicarbonate 22 mEq/l, urea 24 mg per cent, plasma bilirubin 0·5 mg per cent, thymol turbidity 5 units, alkaline phosphatase 6 K.A. units/lOO ml, plasma glutamic oxaloacetic transaminase 30 mU /ml, plasma glutamic pyruvic transaminase 22 mU /ml, quantitative electrophoresis of plasma proteins-n::>rmal, arterial blood pH 7 '60, PaC0 2 20·5 mmHg, tase excess 0 mEq/l, Pa0 2 of 250 mmHg with an oxygen saturation of 100 per cent (patient being ventilated by a Bird Respiratory set on "AIR MIX "). Proteus was isolated from the swab taken from the burn of the right leg.
Initial treatment consisted of human antitetanus serum 4,000 units intramuscularly and crystalline penicillin 2,000,000 units intravenously six hourly.
Diazepam and Dtubocurarine intravenously controlled spasms. Tracheostomy and debridement of the burns were carried out under a general anaesthetic. A central venous pressure line was inserted both for administration of drugs and intravenous feeding.
The patient continued to have muscle spasms including the legs, face, neck, and abdomen. These were eventually controlled with diazepam 50 mg intravenously two hourly and d-tubocurarine 30 mg intravenously two hourly.
The patient was febrile for the greater part ~f her illness. Proteus was isolated originally from the burn on her leg. E. coli and Klebsiella were isolated in moderate amounts from the tracheostomy site and Candida albicans was isolated from her urine. No organisms were isolated from her sputum.
Five days after admission she developed episodes of sinus arrest with a nodal escape rhythm. Initially these occurred intermittently during endotracheal suction, lasted up to three and a half seconds and reverted spontaneously. The episodes were initially prevented by treatment with atropine 0·6 mg intramuscularly four hourly. At this time she also developed periods of sinus tachycardia with multiple atrial premature beats, fluctuation in blood pressure from 90 mmHg to l·W mmHg systolic associated with excessive sweating. These episodes continued for forty-eight hours and were not treated with beta blockers in view of the periods of sinus arrest.
Eight days after admission she spontaneously developed nodal bradycardia followed by prolonged asystole lasting 108 seconds, with occasional ventricular escape beats. She was treated with external cardiac massage and intravenous atropine 0·6 mg with subsequent reversion to sinus tachycardia (Figure 2) . She was then commenced on atropine 0·6 mg intravenously three hourly but developed a paralytic ileus the following day. The atropine was ceased and a temporary percutaneous bi-polar right ventricular pacing catheter was inserted and connected to an external demand pacemaker.
She continued to pace intermittently for the next nineteen days. Initially this occurred both spontaneously and with endotracheal suction, then with suction only. The pacing catheter was removed twenty-two days after insertion. All sedation had been ceased for twenty-four hours and her last spasm had occurred one week previously. The electrocardiogram was within normal limits and she made a complete recovery.
-.. ~/~r----'r"'., Drscussro:-.f :\lortality from tetanus in various reported series ranges from 10 to 40 per cent (Creech, Glover and Ochsner 1957 , Garcia-Palmieri and Ramirez 1957 , Montgomery 1961 , Clifton 1964 , Ebisawa 1967 , Kerr et al. 1968 ). Respiratory causes account for 61 to 80 per cent of these deaths (Creech et al. 1957 , Garcia-Palmieri and Ramirez 1957 , Clifton 1964 , Vakil, Tulpule and Rananvare 1965 , Patel et al. 1965 ). These include hypoxaemia, aspiration pneumonia, bacterial pneumonia, pulmonary embolism and oedema. Septicaemia accounts for a percentage of the remainder. This mortality can be reduced by appropriate sedation, tracheostomy, intermittent positive pressure respiration where indicated, anticoagulants and antibiotics. At post mortem, no cause of death can be found in 7 to 21 per cent of cases (Creech et al. 1957 , Adams 1958 , Wright 1960 , Garcia-Palmieri and Ramirez 1957 , Vakil et al. 1965 , Patel et al. 1965 . Cardiovascular deaths may account for some of this group (Kerr et al. 1968 , Kerr et al. 1969 , Corbett et al. 1969 .
The clinical features seen in the first case (fluctuating hypertension and tachycardia accompanied by arrhythmias and sweating) have been described before with fatal cases Anaesthesia and Intensive Care, Vol. lIT, No. 2, IV[av, IfJ75 progressing terminally to profound hypotension, hyperpyrexia and pulmonary oedema (Glossop and Low 1957 , Montgomery 1961 , Clifton 1964 , Kerr et al. 1968 , Prys-Roberts et al. 1969 , Corbett et al. 1969 , Murphy 1970 . These disturbances have been attributed variously to (a) involvement of the brain stem nuclei by tetanus toxin (b) tetanus myocarditis and (c) over-activity of the sympathetic nervous system. Definite central nervous system changes were found in the brain three days after the onset of symptoms in a series of twelve fatal cases, Baker (1943) . These changes consisted of degenerative changes in cells of the brain stem of varying degree both reversible and irreversible. The motor nucleus of the fifth cranial nerve and the dorsal nucleus of the vagus were most severely affected. Montgomery (1961) found no specific abnormality in a series of 20 fatal adult patients. However, lesions of the dorsal nucleus of the vagus were found in two fatal cases of neonatal tetanus. Another case report described degenerative changes in the medulla, Murphy (1970) . Glossop and Low (1957) considered it was due to involvement of the brain stem nuclei by tetanus toxin with functional disturbance of the vasomotor centre.
In a number of tetanus patients who have died suddenly, a patchy myocardial necrosis with or without inflammatory infiltrate has been found at post mortem.
This so-called tetanus myocarditis was thought to be due to a direct action of a tetanolysin (Van Heyninger 1970). However, similar lesions can be produced in the myocardium by infusion of catecholamines in both man and animals (Raab 1966, Reichenbach and Benditt 1970) . Local release of endogenous catecholamines can also produce the lesions which are potentiated by hypoxaemia and hypokalaemia. They are also seen following cardiopulmonary bypass, phaeochromocytoma, shock, subarachnoid haemorrhage and in patients on long-term phenothiazines and tricyclic drugs in whom circulating catecholamine levels are increased (Taber, Morales and Fine 1967 , Najafi et al. 1969 , Lillehei et al. 1963 , Sode, Getzen and Osborne 1967 , Martin, Hackel and Kurtz 1964 , Greenhoot and Reichenbach 1969 , Richardson, Graupner and Richardson 1966 , Alexander and Nino 1969 . The acute lesions may be associated with death from arrhythmias and cardiac failure. Chronic lesions take the form of interstitial fibrosis which may be significant in the development of congestive cardiac failure. It has been shown in dogs subjected to haemorrhagic shock that the acute lesions can be prevented by prior treatment with beta blocking drugs (Entman et al. 1967) . However, arrhythmic deaths may also occur with autonomic stimulation prior to development of microscopic lesions in the heart.
Sympathetic over-activity in tetanus has been confirmed by several workers. Kerr et al. (1968) made a retrospective study of 82 tetanus patients, 44 of whom required intermittent positive pressure respiration. These workers measured urinary catecholamines in nine cases who showed the clinical manifestations of sympathetic over-activity. The levels were elevated although other causes of increased secretion of catecholamine (e.g. hypoxaemia, hypercarbia, infection) were not excluded. The same group (Corbett et al. 1969 ) carried out a prospective study from 1966 to 1968. In this study there were 21 patients, 11 of whom had severe tetanus and required intermittent positive pressure respiration. Six of these patients developed autonomic episodes which occurred both spontaneously and with endotracheal suction.
Urinary catecholamines and 17 hydroxycorticosteroids were measured and found to be elevated. Other parameters of cardiovascular function were measured and the findings of a concomitant elevation of blood pressure, pulse rate, central venous pressure and cardiac output with a decreased arteriovenous oxygen difference were consistent with episodes of sympathetic over-activity. Keilty et al. (1968) demonstrated elevated plasma catecholamines in three adult patients with autonomic manifestations of tetanus. However, in one, adrenaline was not present, suggesting a neural rather than adrenal mechanism for the increase in noradrenaline.
Little has been written regarding parasympathetic nervous system involvement in tetanus. However, increased salivation and bronchial secretions are commonly seen clinically. Wright (1950) injected tetanus toxin into the facial, hypoglossal and vagus nerves of rabbits, one nerve being injected in each rabbit (Wright, Morgan and Payling Wright 1(50) . The vagus nerve was injected at one of two sites, either at the level of the thyroid cartilage or into the subserosal tissues of the anterior wall of the stomach close to the cardia. Regardless of the injection site, a similar syndrome developed in each of the rabbits. This was characterized by the development within 24 to 48 hours of spontaneous episodes of sinus bradycardia of varying degree, spasms 14() \'. 1\\. HOLLOW AXD G. :\J. CLAH.KE of the rectus orbicularis mu,-;cle, torticollis, immobility of vibrissae and increased salivation. The rabbits were injected intravenously with adrenaline bE't(Jre and after innoculation with the tetanus toxin with no enhancement of the reflex bradycardia produced by that drug in rabbits. In some of the rabbits the aortic depressor refl~x was destroyed and tetanus toxin injected into the right vagus nerve. The typical syndrome developed, suggesting that the tetanus toxin acts directly on the vagal nuclei in the brain stem.
Similar findings have been confirmed by other 'vvorkers in both rabbits and dog,; (Ambcl'che and Lippold 194!J, :\leyer and r~an,;om ]!J03).
Stimulation of autonomic reflexes during endotracheal suction occurs frequently. \'aged reflexes so produced commonly lead to the development of sinus bradycardia. Less comlllonly varying degrees of atrio-ventricular block Illay occur. These reflexes may he hlocked with atropine.
In the second case reported, these epi~(Jdes occurred initially during suction, subsequently, I](l\\",~\"er, they occurred spontaneously despite tk' fact that the patient was \\"el! sedated, acL'quatdy yentilatcd and free from mu,;c!e spasms.
Sinus arrest may occur due to local disease of the sinus Il()d~' o"r from excc,;sive vagal tone \\"hich may be peripheral, central or of re/lex onglll.
The cll:'ctrocarciiogram showed T wave inver-:;ion in the anterior chest leads from the time of admission. These changes re,;olvcd prior to discharge. Although these clianges could ha\"(~ bl'en consistent with ischaemic heart disease, there was no other evidence to support this. Diffuse T wave changps have been reported in catecholamine induced myocarditis (Green hoot and J:{eichen bach HWH, Raah HHHi). I t is impossible to exclude all causes of reflex vagal activity. However, it seems unlikely that such stimuli would have been present so frequenth' and for so long.
Involvement of the parasympathctic nervous s\"stem bv tetanus toxin l1la\" bave been respon ;iblc for the clinical manifestation,; ,;('en. In both cases, symptoms were controlled \"ith appropriate autonomic hlockade and re:-()h'ed with dinical recoven'. 
